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Studies into the relationship between empathy and aggression has found that the
effect is weak (Vachon et al., 2014). This weak relationship is observed through aspects
of empathy interacting with aspects of aggression in different ways depending on the
types of empathy and aggression being measured. The present study utilized
neuroimaging approach to examine the relationship among empathy, aggression and
nucleus accumbens (NAc) volume. Forty nine college students underwent magnetic
resonance imaging scans and completed the Interpersonal Reactivity Index as well as the
Reactive-Proactive Questionnaire. Using FreeSurfer, bilateral NAc volumes were
obtained for statistical analysis. Hierarchal regression analyses were utilized to test the
interaction between either proactive or reactive aggression, left NAc volume, and right
NAc volume in predicting four dimensions of empathy. Results indicated that the
interaction between left NAc volume and right NAc volume was significant in predicting
perspective taking levels. In addition, right NAc volume positively predicted empathic
concern levels. Finally, aggression was associated with personal distress, depending on
the volume of the left or right NAc. Specifically, there was a positive association
between personal distress and proactive aggression in participants with increased left

NAc volume whereas the association was negative in those with decreased left NAc
volume. Finally, a negative association was found between personal distress and
aggression in participants with increased right NAc volume, but this association was
positive among those with decreased right NAc volume. Thus, it is found that NAc
volume moderates the relationship between personal distress and aggression.
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Relationship between Personal Distress and Aggression is Moderated by Nucleus
Accumbens Volume
Introduction
Constructs of Empathy
Empathy refers to the ability of an individual to sense and understand other
people’s emotions and feelings (Bellet & Maloney, 1991; Singer, 2006). People show
empathy toward another from varying aspects, and these aspects constituting empathy
have been discussed in psychology. Some researchers have broadly categorized empathy
into two distinct aspects: affective empathy and cognitive empathy (Davis, 2018; Duan &
Hill, 1996). According to Ratka (2018), affective empathy is defined by the sensation and
feeling which an individual sympathizes in response to others’ emotions. Affective
empathy may be manifest especially with strong negative emotions, as well as positive
emotions (Bernhardt & Singer, 2012). Cognitive empathy, on the other hand, refers to an
individual’s ability to identify and understand other people’s emotions (Ratka, 2018;
Rogers et al., 2007). When we see a crying person, affective empathy helps us induce
feelings of sadness; cognitive empathy helps us interpret why the person is crying.
Davis (1980, 1983) suggests that empathy consists of four separate dimensions,
including perspective taking, fantasy, empathic concern, and personal distress, and
develops the International Reactivity Index (IRI) assessment. Perspective taking (PT)
requires the ability to simulate the feelings that another person experiences (Davis, 1983).
Fantasy (FS) is another aspect of empathy, and individuals with high FS tend to place
themselves into the feelings and actions of imaginary characters (Davis, 1983). Both PT
and FS are thought as cognitive empathy (Ratka, 2018; Rogers et al., 2007) although the
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PT and FS subscales of the IRI may not represent cognitive empathy (Chrysikou &
Thompson, 2016). Empathic concern (EC) refers to the ability to have other-oriented
feelings with a long-lasting favorable consideration, such as sympathy, compassion and
tenderness (Davis, 1983). In contrast to EC, personal distress (PD) refers to the tendency
to reduce aversive self-oriented feelings, such as anxiety and discomfort, in response to
another’s suffering situation (Davis, 1983). Importantly, although both EC and PD are
affective responses to seeing others’ emotional situation, they are associated with
different motivation to interact with others. Specifically, EC generally breeds an altruistic
motivation to reduce others’ distress or to help others, whereas PD brings an egoistic
motivation to reduce one’s own distress or to avoid others in need (Fabi et al., 2019).
Aggression as a Behavioral Correlate of Empathy
Therefore, empathy is a cognitive and affective apprehension for others and can
facilitate prosocial behavior and social interactions. To the contrary, aggression is
antisocial and hurts social interactions. Indeed, it has been addressed that low levels of
empathy is associated with high risk for aggression (Blair, 2018; LeSure-Lester, 2000).
Aggression is defined as the behavior that is intended to harm another (Anderson &
Bushman, 2002). Aggressive behavior can be in any of the following forms: physical
aggression (e.g., punching, hitting), verbal aggression (e.g., verbal abuse, yelling, use of
words to hurt), nonverbal aggression (e.g., raising of voice and harsher tone, aggressive
physical movement without contact), social aggression (e.g., gossiping, social exclusion
to harm someone’s social relationships or social status), anger, and hostility (e.g.,
flaunting verbal ill will) (Buss & Perry, 1992). Regardless of which form aggression is
expressed, it is generally classified into two types: proactive aggression and reactive
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aggression (Wrangham, 2018). Proactive aggression (also known as instrumental
aggression) is the systematically planned and unprovoked aggressive behavior that is
motivated by the desire to obtain another goal. Reactive aggression (also known as
affective, emotional, or impulsive aggression), in contrast, is driven by anger or fear,
which often results from frustration or provocation.
Several studies have yielded that increased aggressiveness is associated with low
levels of empathy (Blair, 2018; LeSure-Lester, 2000), however a meta-analysis has
indicated that the direct relationship between aggression and empathy is weak (Vachon et
al., 2014). Rather, Vachon et al. (2014) have indicated that the relationship between
aggression and empathy is dependent upon subtype of aggression or empathy. For
example, the majority of research focuses on affective and cognitive empathy and how
each of them is related to reactive and proactive aggression (Jolliffe & Farrington, 2004).
Specifically, cognitive empathy and affective empathy are negatively associated with
reactive aggression in children (Gina et al., 2014), but proactive aggression becomes
more associated with cognitive and affective empathy negatively in adolescents (Euler et
al., 2017). On the other hand, Vidmar (2012) found that an aggressive manner is linked to
low levels of PT, depending on social intelligence. However, to my knowledge, no study
has investigated how proactive aggression and reactive aggression are respectively
related to PT, FS, EC, and PD, which might help advance our understanding of the
aggression-empathy relationship more elaborately.
Neurobiological Links of Empathy and Aggression
Another possibility to account for the weak relationship between empathy and
aggression is that brain structures might moderate the relationship. As mentioned
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previously, empathy (especially EC and PD) involves motivational processes for
prosocial behavior (Fabi et al., 2019) and possibly social rewards, such as better social
interactions. On the other hand, aggression is also motivated by affective or social
rewards, such as desires to reduce negative feelings/promote positive valence (if reactive
aggression) or desires to obtain something that is unachievable peacefully (if proactive
aggression). Taken together, empathy and aggression seem to have rewarding and
reinforcing effects, and the reward circuitry of the brain might be commonly involved in
empathy and aggression. It has been known that the nucleus accumbens (NAc) plays a
central role in this circuitry (Day & Carelli, 2007). Indeed, neuroimaging studies have
shown that the NAc shows increased functional activation during empathic responses in
healthy individuals (Ashar et al., 2017; Singer et al., 2006) as well as those with bipolar
disorder (Pavuluri et al., 2008). Empathy training has the effect on increased NAc
functional activation (Singer & Klimecki, 2014). Furthermore, the NAc is also associated
with aggressive behavior (Aleyasin, Flanigan, & Russo, 2016). Golden et al. (2019)
found that blockage of dopamine receptors in the NAc resulted in decreased aggressive
behavior and aggression seeking. Increase in NAc volume has also been found to be
correlated to increased aggression (Yang et al., 2017). Therefore, it is reasonable to argue
that the NAc plays an important role in empathy and aggression respectively. However,
to my knowledge, no study has comprehensively investigated the roles of the NAc in the
empathy-aggression relationship.
The aim of the present study is to investigate the relationship among empathy,
aggression, and the NAc. As previously stated, the relationship between empathy and
aggression is weak (Vachon et al., 2014) and that the relationship might depend on the
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types of empathy and aggression being measured. Moreover, given that the NAc has been
shown to be related with empathy (Ashar et al., 2017; Pavuluri et al., 2008; Singer &
Klimecki, 2014; Singer et al., 2006) and aggression (Aleyasin, Flanigan, & Russo, 2016;
Golden et al., 2019; Yang et al., 2017) respectively, the relationship between empathy
and aggression may be dependent on a third variable, e.g., NAc volume. Thus, I
hypothesized that NAc volume moderated the relationship between any of the empathy
dimensions and aggression.
Method
Participants
The current study was a part of a larger project examining the relationship
between childhood experiences of bullying and the brain. As a result of advertising the
project through classrooms, flyers, and electronic media in the University of NebraskaLincoln, 352 college students participated in an online screening voluntarily or for a
course credit. In this screening process, students’ eligibility for magnetic resonance
imaging (MRI) and history of some behavioral backgrounds were checked for the main
purpose of the project.
Based on the screening, 51 participants were selected and enrolled for further
MRI study. One participant was excluded from the study post scan due to brain
abnormalities found during MRI scanning. All other participants did not have any major
neurological illness, cognitive or developmental delay, or severe vision/hearing loss.
Written informed consent was obtained from participants prior to each of the online
screening and MRI study which were approved by the University of Nebraska-Lincoln’s
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Institutional Review Board. All participants who participated in the MRI study received
a gift card for compensation.
Among the qualified participants, one participant had a missing value on the FS
subscale (for details, see Measures) and was, thus, excluded from my analysis. The total
sample size in the current study was N = 49 (mean age = 22.7 with SD = 4.75; 26 females
and 24 males). There were 36 Caucasians, seven African Americans, four Asians, and
two identified as others; among these, five were Hispanics.
Measures
To assess the qualification for our MRI study, online screening was used,
consisting of several questions regarding MRI eligibility (e.g., no magnetic object in their
body) and basic demographic questions.
The qualified participants were further asked to complete the psychosocial
assessment battery evaluating a detailed background information. The current study
selectively used the three assessments. First, the Edinburgh Handedness Inventory (EDI;
Oldfield, 1971), a 10-item self-report scale, was used to measure the participant’s hand
laterality or hand dominance on a 5-point scale. Individual ratings were quantified
according to the instruction. Then, the participants who scored between -100 and -61
were considered as left-handed; those between -60 and +60 were ambidextrous; and those
between +61 and +100 were right-handed. These categorical data were used to covary
the potential effect of handedness in my analysis (see Statistical Analyses). In addition to
the EHI, the Interpersonal Reactivity Index (IRI; Davis, 1980, 1983) was used to measure
the levels of empathy. The IRI is a 28-item self-report scale where the participants
answered how well each of empathy-related statements described themselves on a 5-point
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scale. These statements represent either PT (e.g., “I sometimes find it difficult to see
things from the “other guy’s” point of view.”), FS (e.g., “I daydream and fantasize, with
some regularity, about things that might happen to me.”), EC (e.g., “I often have tender,
concerned feelings for people less fortunate than me.”), or PD (e.g., “In emergency
situations, I feel apprehensive and ill-at-ease.”) subscale. Individual ratings were then
summed for each empathy subscale (some ratings were reversed), and higher scores
indicated higher levels of the subscales. Finally, for aggression measurement, the
Reactive-Proactive Questionnaire (RPQ; Raine et al., 2006) was utilized. The RPQ is a
self-report where the participants answered how often they showed each of 23 reactive or
proactive aggressive actions on a 3-point scale. Examples of reactive aggression
included yelling at others, reacting angrily, and having temper tantrums, whereas
examples of proactive aggression included fighting for dominance, vandalizing for fun,
and having a gang fight to be cool. Individual ratings were summed for each subscale,
and higher scores indicated more frequency of aggression. The ratio of handedness and
the mean scores on the IRI and RPQ subscales of the participants were presented in the
Results section.
Procedure
Participants underwent MRI scans on a 3T Siemens Skyra scanner (Siemens
Medical Solutions) with a 32 channel brain array coil at the Center for Brain, Biology and
Behavior (CB3) at the University of Nebraska-Lincoln. The MRI scans involved (1) a
localizer scan for prescribing the subsequent scans, (2) a 6-minute resting state functional
scan, (3) two functional scans during the affective Stroop task lasting 8.5 minutes each,
(4) a 5-minute T1-weighted, magnetization prepared rapid gradient echo (MPRAGE)

8

scan (TR = 2200 ms, TE = 3.37 ms, flip angle = 7º, FOV = 256 mm, sagittal slices per
slab = 192, voxel volume = 1.0 × 1.0 × 1.0 mm3, acceleration factor PE = 2, sampling
band-width = 200 Hz/Px), (5) two functional scans during the face looming task lasting
4.5 minutes each, (6) two 3.5-minute diffusion weighted imaging (DWI) scans, (7) a 1.5minute T2-weighted turbo spin echo (TSE) scan, and (8) a 1.5 minute gradient echo field
mapping scan. Only the T1-weighed anatomical image data is used for the purpose of this
study. The total amount of time for MRI scans was less than 1 hour. Following the MRI
scan, participants completed the psychosocial assessment battery through a computer.
Image Preprocessing
Image preprocessing was performed using the FreeSurfer image analysis suite
(http://surfer.nmr.mgh.harvard.edu/). The MPRAGE image was first segmented by gray
matter, white matter, and cerebrospinal fluid. Then, within the gray matter, subcortical
subregions, including the NAc, were identified according to the probabilistic atlas (Fischl
et al., 2002). The bilateral volumes of the NAc (see Figure 1) and the estimated
intracranial volume (eTIV) were obtained for further data analysis.
Statistical Analyses
The background information of the participants, including handedness, each IRI
subscore, each RPQ subscore, and NAc volumes, was presented by their mean with
standard deviation or ratio. Then, eight hierarchical regression analyses were performed
to test a three-way interaction between each subscale of the RPQ, left NAc volume, and
right NAc volume in predicting each subscale of the IRI. First, all independent variables
– the RPQ subscales and NAc volumes – were centered on their mean in order to avoid a
multicollinearity issue. Next, all two-way and three-way interaction terms were created
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by multiplying the target centered independent variables. Finally, each regression was
modeled such that a set of all covariates entered the first step, the main effects entered the
second step, the two-way interactions (i.e., reactive aggression/proactive aggression × left
NAc volume, reactive aggression/proactive aggression × right NAc volume, and left NAc
volume × right NAc volume) entered the third step, and the three-way interaction (i.e.,
reactive aggression/proactive aggression × left NAc volume × right NAc volume) entered
the fourth step.
If any interaction was found significant, it was further examined by plotting three
regression lines, using R. These three lines represented the relationships between
reactive/proactive aggression levels and an IRI subscale, depending on (1) the NAc
volume one standard deviation above its mean, (2) the mean NAc volume, and (3) the
NAc volume one standard deviation below its mean.
Results
Background Characteristics
Forty three participants were right-handed, three were left-handed, and three were
ambidextrous. The mean score on the proactive aggression was 1.78 with SD = 2.48
while the mean score on the reactive aggression showed 7.24 with SD = 4.42. For
empathy subscales, the mean score on the PT was 18.76 with SD = 4.46; the mean score
on the FS was 16.12 with SD = 6.03; the mean score on the EC was 20.26 with SD =
4.57; and the mean score on the PD was 11.62, SD = 4.71. Left and right NAc volumes of
the pooled participants were 481.41 mm3 (SD = 108.52) and 563.20 mm3 (SD = 84.91) on
average, respectively.
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Perspective Taking As the Outcome Variable
There were no main effects on PT (see Tables 1 and 2). Only when reactive
aggression was additionally controlled for, the two-way interaction between left NAc
volume and right NAc volume was associated with PT (see Table 2). In contrast, other
interactions were not significant.
Fantasy As the Outcome Variable
There were no main effects and interaction effects on FS (see Tables 3 and 4).
Empathic Concern As the Outcome Variable
The main effect of right NAc volume was found significant when proactive
aggression or reactive aggression was additionally controlled for (see Tables 5 and 6).
The relationship between right NAc volume and EC was positive, suggesting that
increased right NAc volume was associated with increased EC, with any type of
aggression constant. No other main effects and interaction effects were significant.
Personal Distress As the Outcome Variable
There were two-way interactions between proactive aggression and each of left
and right NAc volumes in predicting PD (see Table 7). In addition, the two-way
interaction between reactive aggression and right NAc volume was also significant (see
Table 8). In contrast, the two-way interaction between reactive aggression and left NAc
volume was marginally significant (p = 0.08). No other main effects and interaction
effects were found significant. These suggested that PD was associated with aggression,
regardless of whether it was proactive or reactive, depending on right NAc volume. In
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contrast, left NAc volume moderated the relationship between PD and only proactive
aggression.
Figures 2-5 illustrates the relationships between proactive aggression/reactive
aggression and PD, depending on the NAc volumes one standard deviation above and
below its mean, as well as the mean NAc volume. Figure 2 showed that the relationship
between PD and proactive aggression became more positive as left NAc volume
increased. When left NAc volume was smaller than average, the relationship between
PD and proactive aggression became more negative. Conversely, as Figures 4 and 5
illustrates, the relationship between PD and aggression (regardless of whether it was
proactive or reactive) became more positive as right NAc volume rather decreased.
When right NAc volume increased and became larger than average, the relationship
between PD and aggression showed more negative.
Discussion
The goal of the present study was to elucidate the relationship between empathy
and aggression and the possible moderation effects of the volume of the NAc, which is
known as the reward center in the brain. None of empathy-related dimensions – PT, FS,
EC, and PD – was directly associated with proactive or reactive aggression. However,
NAc volume plays a key role in predicting some dimensions of empathy. First, the
interaction between left NAc volume and right NAc volume significantly contributed to
predicting levels of PT (see Table 2). Second, increased right NAc volume, but not left
NAc volume, was linked to increased levels of EC, regardless of aggressiveness (see
Tables 5 and 6). Third, the relationship between PD and aggression was present,
depending on NAc volume (see Tables 7 and 8). Specifically, the association between
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PD and proactive aggression was positive in the participants with large left NAc volume
or small right NAc volume; this association was inverse in those with small left NAc
volume or large right NAc volume (see Figures 2 and 4). PD and reactive aggression
were positively related to each other in the participants with small right NAc volume; this
relationship turned out to be negative in those with large right NAc volume (see Figure
5).
The interaction between left and right NAc volumes was a predictor variable on
PT regardless of trait reactive aggression (see Table 2). This suggests that the bilateral
NAc may be involved in the ability of PT, which is consistent with another study where
serotonin receptor gene (HTR2A) T102C polymorphism, which can act in the NAc and
other brain subregions, is associated with PT (Gong et al., 2015). Increased right NAc
volume alone was also associated with increased ability of EC. Thus, both PT and EC
may have rewarding effects. The NAc is thought as the center of the reward circuit and
critically has a hedonic impact for behavior (Salamone et al., 2005). Individuals with high
levels of PT and EC, who tend to exhibit altered right NAc volume, may develop
cognitive and affective attitudes that link empathy to psychological hedonism. Further
research is needed to investigate the possible hedonic motives for empathic responses.
The results also showed that individuals with reduced right NAc volume
displayed increased levels of PD as their proactive or reactive aggression increases. PD is
a self-focused, aversive emotional reaction towards suffering others, and this empathic
response is shown in aggressive (both proactive and reactive) individuals with small right
NAc volume. The association between increased “self-oriented” PD and small right NAc
volume is interesting because this seems to be consistent with one of my above findings
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where EC, representing “other-oriented” emotional reaction, was associated with large
right NAc volume. PD and EC are affective empathic responses toward others with
different orientation, and the affective empathic responses driven by self-oriented or
other-oriented feelings may be determined by the volume of the right NAc. However, my
results yielded that right NAc volume alone did not determine whether individuals are
inclined to show PD. In addition to right NAc volume, aggressive tendency also
contributes to the likelihood of PD onset.
Another interesting finding is that increased tendency of PD was shown in
proactive-aggressive individuals with either small right NAc volume or large left NAc
volume. Interestingly, the pattern of volumetric change in the NAc in relation to PD
differs between the left and right side among those high in proactive aggression. These
suggest the lateralization effect of the NAc in moderating the relationship between
aggression and PD. Zald (2003) suggests that there is indeed some brain lateralization
involving emotional models where the right hemisphere is involved with negative
emotion while the left hemisphere is involved with positive emotions. Although Zald
(2003) specifically mentions the lateralization of only the prefrontal cortex and amygdala,
this lateralization effect may be possible within the NAc. If the right NAc is more
involved with negative emotion than left NAc, decreased right NAc volume may indicate
disturbance in negative emotional responses (e.g., displeasure, pain, disgust). The
disturbance in negative emotional responses, along with increased aggression, may
together induce self-oriented feelings toward suffering others. This is speculative, but this
possibility needs to be investigated as the future direction.
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The present study has some limitations that should be considered. For example,
the present study had a moderate sample size (N = 49) which might result in low
statistical power. This might be the reason why the interaction between reactive
aggression and left NAc volume in predicting PD was marginally significant (p = 0.08;
see Table 8) although Figure 3 shows that the interaction looked significant. Thus, it is
necessary to increase a sample size, reduce standard errors, and test whether the
interaction between reactive aggression and left NAc volume turned out to be significant.
However, it is noteworthy that my sample size was relatively larger than the most highly
cited neuroimaging studies (Szucs & Ioannidis, 2020). Furthermore, several interesting
findings were obtained with N = 50, so I believe statistical power was not critically low.
Another limitation is that the present study focused on only the NAc and its function in
empathy. Other brain subregions involved in the reward pathway may contribute to
predicting PT, FS, EC, and/or PD, and future research needs to examine these possible
links. In addition, the present study did not incorporate a longitudinal design, thus the
results should not be interpreted as causal. For the future research, it is important to
collect longitudinal data and assess whether NAc volume or aggressive tendency causally
determines empathy later in life.
In conclusion, the present study investigated the moderating role of the NAc in
the relationship between empathy and aggression. I observed that the NAc played a
significant role in some dimensions of empathy. Specifically, a significant interaction
between left and right NAc volumes was found in predicting levels of PT. Moreover,
right NAc volume was associated with EC levels regardless of aggressiveness. Finally,
the relationship between PD and aggression showed positive or negative, depending on
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the size of left or right NAc volume. Thus, the relationship between empathy and
aggression is moderated by NAc volume.
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Table 1
Hierarchical Regression Analysis Predicting Perspective Taking Based on Proactive
Aggression and Nucleus Accumbens Volumes (N = 49)
Step

Variable

1

(Constant)

2

3



SE B

t

9.048

1.15

eTIV

0.28

0.000

1.56

Gender

0.23

1.570

1.27

Handedness

-0.21

1.206

-1.51

Proactive Aggression (PA)

-0.24

0.254

-1.70

Left NAc Volume (LNV)

0.10

0.007

0.64

Right NAc Volume (RNV)

0.28

0.009

1.73

PA  LNV

-0.09

0.004

-0.32

PA  RNV

0.12

0.004

0.50

LNV  RNV

0.24

0.000

1.20

-0.14
0.000
-0.53
PA  LNV  RNV
Note: For the regression models for steps 2, 3, and 4, the previously entered variables
4

were omitted in this table; eTIV = estimated intracranial volume; NAc = nucleus
accumbens.
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Table 2
Hierarchical Regression Analysis Predicting Perspective Taking Based on Reactive
Aggression and Nucleus Accumbens Volumes (N = 49)
Step

Variable

1

(Constant)

2

3



SE B

t

9.048

1.15

eTIV

0.28

0.000

1.57

Gender

0.23

1.570

1.27

Handedness

-0.21

1.206

-1.51

Reactive Aggression (RA)

-0.28

0.141

-1.99

Left NAc Volume (LNV)

0.08

0.007

0.48

Right NAc Volume (RNV)

0.29

0.009

1.78

RA  LNV

-0.26

0.002

-1.38

RA  RNV

0.06

0.002

0.37

LNV  RNV

0.32

0.000

2.08*

0.16
0.000
0.55
RA  LNV  RNV
Note: For the regression models for steps 2, 3, and 4, the previously entered variables
4

were omitted in this table; eTIV = estimated intracranial volume; NAc = nucleus
accumbens.
*p < 0.05.
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Table 3
Hierarchical Regression Analysis Predicting Fantasy Based on Proactive Aggression
and Nucleus Accumbens Volumes (N = 49)
Step

Variable

1

(Constant)

2

3



SE B

t

11.654

3.44

eTIV

-0.39

0.000

-2.35

Gender

0.06

2.006

0.36

Handedness

-0.14

1.542

-1.04

Proactive Aggression (PA)

0.15

0.336

1.09

Left NAc Volume (LNV)

-0.15

0.009

-0.98

Right NAc Volume (RNV)

0.26

0.012

1.62

PA  LNV

-0.33

0.005

-1.24

PA  RNV

0.31

0.005

1.30

LNV  RNV

0.08

0.000

0.43

-0.08
0.000
-0.32
PA  LNV  RNV
Note: For the regression models for steps 2, 3, and 4, the previously entered variables
4

were omitted in this table; eTIV = estimated intracranial volume; NAc = nucleus
accumbens.
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Table 4
Hierarchical Regression Analysis Predicting Fantasy Based on Reactive Aggression
and Nucleus Accumbens Volumes (N = 49)
Step

Variable

1

(Constant)

2

3



SE B

t

11.654

3.44

eTIV

-0.39

0.000

-2.35

Gender

0.06

2.006

0.36

Handedness

-0.14

1.542

-1.04

Reactive Aggression (RA)

0.20

0.189

1.47

Left NAc Volume (LNV)

-0.14

0.009

-0.87

Right NAc Volume (RNV)

0.26

0.011

1.63

RA  LNV

-0.25

0.002

-1.27

RA  RNV

0.19

0.002

1.11

LNV  RNV

0.03

0.000

0.20

0.03
0.000
0.11
RA  LNV  RNV
Note: For the regression models for steps 2, 3, and 4, the previously entered variables
4

were omitted in this table; eTIV = estimated intracranial volume; NAc = nucleus
accumbens.
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Table 5
Hierarchical Regression Analysis Predicting Empathic Concern Based on Proactive
Aggression and Nucleus Accumbens Volumes (N = 49)
Step

Variable

1

(Constant)

2

3



SE B

t

9.154

2.85

eTIV

-0.16

0.000

-0.90

Gender

0.22

1.589

1.26

Handedness

-0.11

1.220

-0.79

Proactive Aggression (PA)

-0.07

0.255

-0.50

Left NAc Volume (LNV)

-0.28

0.007

-1.80

Right NAc Volume (RNV)

0.42

0.009

2.59*

PA  LNV

0.14

0.004

0.54

PA  RNV

-0.11

0.004

-0.48

LNV  RNV

0.27

0.000

1.42

0.28
0.000
1.14
PA  LNV  RNV
Note: For the regression models for steps 2, 3, and 4, the previously entered variables
4

were omitted in this table; eTIV = estimated intracranial volume; NAc = nucleus
accumbens.
*p < 0.05.
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Table 6
Hierarchical Regression Analysis Predicting Empathic Concern Based on Reactive
Aggression and Nucleus Accumbens Volumes (N = 49)
Step

Variable

1

(Constant)

2

3



SE B

t

9.154

2.85

eTIV

-0.16

0.000

-0.90

Gender

0.22

1.589

1.26

Handedness

-0.11

1.220

-0.79

Reactive Aggression (RA)

-0.07

0.144

-0.49

Left NAc Volume (LNV)

-0.29

0.007

-1.83

Right NAc Volume (RNV)

0.42

0.009

2.60*

RA  LNV

0.05

0.002

0.28

RA  RNV

-0.05

0.002

-0.29

LNV  RNV

0.30

0.000

1.94

0.12
0.000
0.41
RA  LNV  RNV
Note: For the regression models for steps 2, 3, and 4, the previously entered variables
4

were omitted in this table; eTIV = estimated intracranial volume; NAc = nucleus
accumbens.
*p < 0.05.
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Table 7
Hierarchical Regression Analysis Predicting Personal Distress Based on Proactive
Aggression and Nucleus Accumbens Volumes (N = 49)
Step

Variable

1

(Constant)

2

3



SE B

t

9.358

1.81

eTIV

-0.23

0.000

-1.30

Gender

0.17

1.624

0.99

Handedness

0.05

1.247

0.37

Proactive Aggression (PA)

0.09

0.276

0.63

Left NAc Volume (LNV)

-0.24

0.007

-1.48

Right NAc Volume (RNV)

0.04

0.009

0.23

PA  LNV

0.65

0.004

2.63*

PA  RNV

-0.58

0.004

-2.71**

LNV  RNV

0.14

0.000

0.74

-0.20
0.000
-0.83
PA  LNV  RNV
Note: For the regression models for steps 2, 3, and 4, the previously entered variables
4

were omitted in this table; eTIV = estimated intracranial volume; NAc = nucleus
accumbens.
*p < 0.05; ** p < 0.01.
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Table 8
Hierarchical Regression Analysis Predicting Personal Distress Based on Reactive
Aggression and Nucleus Accumbens Volumes (N = 49)
Step

Variable

1

(Constant)

2

3



SE B

t

9.358

1.81

eTIV

-0.23

0.000

-1.30

Gender

0.17

1.624

0.99

Handedness

0.05

1.247

0.37

Reactive Aggression (RA)

0.07

0.156

0.49

Left NAc Volume (LNV)

-0.24

0.007

-1.44

Right NAc Volume (RNV)

0.04

0.010

0.22

RA  LNV

0.33

0.002

1.79

RA  RNV

-0.39

0.002

-2.39*

LNV  RNV

0.28

0.000

1.90

0.24
0.000
0.85
RA  LNV  RNV
Note: For the regression models for steps 2, 3, and 4, the previously entered variables
4

were omitted in this table; eTIV = estimated intracranial volume; NAc = nucleus
accumbens.
*p < 0.05.
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Figure 1
Location of the Nucleus Accumbens

Note: Red highlight showing the brain region associated with the nucleus accumbens.
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Figure 2
Personal Distress Predicted By Proactive Aggression, Depending On the Volumetric Size
of the Left Nucleus Accumbens Volume.

Note: The red, green, and blue lines represent the relationships between personal distress
and proactive aggression when participants showed a larger volume (one standard
deviation above the mean), a mean volume, and a smaller volume (one standard deviation
below the mean) respectively.

32

Figure 3
Personal Distress Predicted By Reactive Aggression, Depending On the Volumetric Size
of the Left Nucleus Accumbens Volume.

Note: The red, green, and blue lines represent the relationships between personal distress
and proactive aggression when participants showed a larger volume (one standard
deviation above the mean), a mean volume, and a smaller volume (one standard deviation
below the mean) respectively.
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Figure 4
Personal Distress Predicted By Proactive Aggression, Depending On the Volumetric Size
of the Right Nucleus Accumbens Volume.

Note: The red, green, and blue lines represent the relationships between personal distress
and reactive aggression when participants showed a larger volume (one standard
deviation above the mean), a mean volume, and a smaller volume (one standard deviation
below the mean) respectively.
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Figure 5
Personal Distress Predicted By Reactive Aggression, Depending On the Volumetric Size
of the Right Nucleus Accumbens Volume.

Note: The red, green, and blue lines represent the relationships between personal distress
and reactive aggression when participants showed a larger volume (one standard
deviation above the mean), a mean volume, and a smaller volume (one standard deviation
below the mean) respectively.

